Methods
nanoparticles solution were deposited using final speeds with nominal value between 3000 and 8000 r.p.m for 60 s. In order to fill the voids network of this last layer, 200 µL of polystyrene solution were spin-coated at 4500 r.p.m for 60 s. This last step allows us to deposit on top a layer of TiO 2 without penetration within the SiO 2 nanoparticulated layer. After that, the sample is heated again at 500 ºC during 200 s, in order to remove the polystyrene and to densify the TiO 2 layer.. This sequence was repeated until a total of 5 to 7 layers, depending on the cell, were deposited on top of FTO. Finally the sample is treated at 500 ºC during 30 min.
Perovskite solution preparation.
Methylammonium iodide (CH 3 NH 3 I) was prepared by reacting methylamine, 33 wt% in ethanol (Sigma-Aldrich), with hydroiodic acid (HI) 57 wt% in water (SigmaAldrich), at room temperature. Typical quantities were 24 mL methylamine, 10 mL hydroiodic acid and 100 mL ethanol. Upon drying at 100 o C, a white powder was formed, which was placed overnight in a vacuum oven and rinsed with ethanol before use. To generate the perovskite solution, CH 3 NH 3 I and PbCl 2 (Sigma-Aldrich) were dissolved in anhydrous N,N-Dimethylformamide (DMF) at a 3:1 molar ratio with final concentrations of ~ 40 wt%.
Perovskite deposition
For devices, the perovskites were deposited onto PC scaffolds by spin-coating a 40 wt% solution at 2000 r.p.m in a nitrogen-filled glovebox. After spin-coating, samples were annealed at 100 °C for 2 h. The spiro-OMeTAD hole-transporting layer was then deposited from a 80 mM chlorobenzene solution containing additives of lithium bis(trifluoromethanesulfonyl)imide and 4-tert-butylpyridine. Finally, 50 nm gold electrodes were thermally evaporated under vacuum of ~10 -6 Torr, at a rate of ~0.1nm/s, to complete the devices.
Structural, optical and photovoltaic characterization
Cross-section field emission scanning electron microscopy (FESEM) images of PCs and corresponding full devices were taken by using a microscope Hitachi 5200 operating at 5kV. The spectral optical response of the PCs and full devices were 
Optical modelling of the solar cell
The perovskite solar cell, that integrates PCs in which dense and porous layers are alternated, is herein modeled through a layered structure, as depicted in Figure 1a .
The incoming and outgoing media are considered to be the glass substrate and the air. Figure 2a shows the comparison between the reflectance spectra measured and calculated according to the method described herein.
The color hue of a PC-based cell is obtained from its reflectance spectrum. The region delimited by a dashed line in the CIE 1931 chromaticity diagram shown in Figure 2d represents the PC gamut. It encompasses the different hues that can be achieved tuning the unit cell of the PC. Using the optical model previously described, we have calculated the reflectance spectrum of cells in which the thickness of each constituent layer of the PC was varied from 10 to 150 nm. As a consequence, the lattice parameter of the unit cell ranges from 20 to 300 nm. The porosities of the high and low index materials are considered to be 4% and 50%, respectively. All J-V scans were performed from forward bias to short circuit (FB-SC) and from short circuit to forward bias (SC-FB) at a scan rate of 0.15 V/s.
